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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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QUANTITATIVE HISTOLOGICAL ASSESSMENT OF SKELETAL MUSCLE HYPOTROPHY 
AFTER NEUROTOMY AND SCIATIC NERVE REPAIR IN RATS

Goncharuk O., Savosko S., Petriv T., Medvediev V., Tsymbaliuk V.

Bogomolets National Medical University, Kyiv, Ukraine

Peripheral nerve injury results in loss of innervation, meta-
bolic disorders, and subsequent necrosis of muscle fibers and 
can have devastating consequences - replacement of skeletal 
muscle with connective tissue. Process of atrophy in long-term 
denervated muscles is a common problem after damage to the 
peripheral nerves of the limb [6]. At the histological level, these 
changes first consist of wasting of muscle fibers and then they 
progress to atrophy, and such areas are replaced by connective 
tissue, namely fibrous processes occur in the muscles [5]. As a 
result, recovery of long-term denervated muscle becomes dif-
ficult, prolonged, and potentially insufficient [1].

There are various techniques for microsurgical repair of an in-
jured peripheral nerve, which include the technique of epineural 
suture for minor injuries and nerve autografting for large defects. 
It is believed that on time reinnervation of skeletal muscles al-
lows to restore motor function of the limb and prevent possible 
significant atrophy of limb muscles. In this work, we investigate 
the histological changes of denervated skeletal muscles on the 
rodent model of sciatic nerve neurotomy and morphometrically 
evaluate the dynamics of wasting by changes in muscle fibers 
and collagen density. These changes were also compared with 
the connection of nerve stumps with a epineural suture and the 
additional use of sealants around the suture, in particular poly-
ethylene glycol hydrogel (DuraSeal) and fibrin sealant (Tisseel). 
The advantage of sealants is the ability to combine the nerve 
with less trauma to the nerve stumps [3,8]. Sealants do not inter-
fere with nerve regeneration, but should provide sufficient adhe-
sion of nerve stumps and at the same time not cause adhesion to 
paraneural tissues [9]. Previous studies have shown that sealants 
promote regeneration of damaged nerve, as evidenced by the 
level of nerve regeneration, muscle M-response and functional 
tests [4], but the histological condition of the muscles has not 
been studied. 

The aim – investigate histological and morphometric changes 
in m. gastrocnemius after sciatic nerve damage and repair with 
different microsurgical techniques. 

Material and methods. The white outbred male rats (250±25 
g, 5-6 months) were divided into 4 experimental groups (n=15 
per group) and one control group (n=5): group 1 – control (intact 
rats), group 2 – sham-operated rats, where only approach to the 
sciatic nerve was done without nerve damage, group 3 – rats 
with transected sciatic nerve and then connected by epineural su-
ture “end-to-end” (4-6 epineural sutures with polyamide thread 
№10 / 0), group 4 – rats with transected sciatic nerve and then 
connected by 2 “fixating” epineural sutures and DuraSeal® (Co-
vidien LLC, USA), group 5 – rats with transected sciatic nerve 
and then connected by 2 “fixating” epineural sutures and Tisseel 
fibrin sealant. The surgery was performed under anesthesia (xy-
lazine 15 mg / kg and ketamine 70 mg / kg, intraperitoneally). 
Firstly approach to the sciatic nerve was made, then the nerve 
was completely cut, after that specific operation depending on 
group was performed, and in the end suturing the wound in lay-
ers with monofilament polyamide thread 4/0 was done.

Muscle samples were fixed in 10% phosphate buffered for-
malin, dehydrated in isopropanol and embedded in paraffin. 8 
μm slices were cut with Thermo Microm HM 360 microtome 

(Thermo Scientific, USA). Deparaffinized slices stained by He-
matoxylin and Eosin (H&E) PicroSirius Red (PSR) (0.5 g Direct 
Red 80 (Magnacol Ltd, UK) in 500 ml of saturated picric acid) 
for 30 min at 25o [10], dehydrated and mounted in the medium 
(Merck, Germany). 

The cross-sections of rat m. gastrocnemius were used for 
morphometry. The mean diameter (µm) of the muscle fibers was 
estimated by average of large and small diameters per individual 
fiber by Carl Zeiss software (AxioVision SE64 Rel.4.9.1). The 
density of Sirius red-positive regions of collagen was calculated 
using the software of ImageJ (Wayne Rasband, the USA), (algo-
rithm: transformation of RGB image into 8-bit, threshold, cor-
rection by maximum PSR-positive index, measurements). Col-
lagen density is expressed in percent (%) of the analysed areas. 
The analysed zones were presented as microimage (2270×1700 
pixels, 1120×840 μm), 5 images per cross-section slice of a mus-
cle sample (is approximately 2/3 of the muscle cross section).

The StatPlus software (version 7.0; Microsoft) was used 
for statistical analysis. The data presented as mean ± standard 
error of mean (SEM). The results were analyzed and com-
pared using analysis of variance (one-way ANOVA) followed 
by Bonferroni’s post hoc test. Differences were considered 
significant at P<0.05.

All experimental procedures were conducted according of 
current standards of bioethics (EU Directive 2010/63/EU “on 
the protection of animals used for scientific purposes” (1986), 
European Convention for the Protection of Vertebrate Animals 
Used for Experimental and Scientific Purposes (1986), Law of 
Ukraine of February 21, 2006 No. 3447-IV “About protection of 
animals against ill treatment” (2006)). The protocol of the study 
was approved by the bioethical commission of Bogomolets Na-
tional Medical University (protocol 113).

Results and discussion. Histological examination of muscle 
fibers and areas of fibrosis in m. gastrocnemius were investi-
gated at all periods of the experiment. Morphometry showed no 
difference in muscle fiber diameter, whereas after neurotomy 
and sciatic nerve repair the changes were significant (Table 1). 
The loss of muscle fiber thickness in the group with epineural 
suture was detected as early as on the 14th day and in the fol-
lowing periods these changes remained, in other words mus-
cle wasting developed quite rapidly. In the DuraSeal group 
the changes on the 14th and 30th days were similar, but on 
the 60th day the diameter of the muscle fibers increased sig-
nificantly and reached control values. In the Tisseel group, 
muscle fiber wasting occurred mainly from the 30th day and 
on the 60th day the difference was observed only for the Du-
raSeal group. There were recorded an increase in the size and 
density of myonuclei in muscle fibers in all three groups with 
restored sciatic nerve on the 30th day. On the 60th day such 
changes tended to increase, especially in those muscle fibers 
that underwent the greatest structural changes, including loss 
of striation, enlightenment of the cytoplasm. These changes 
were evaluated as a response to regeneration after denerva-
tion, although at the same time it is a sign of muscle wasting. 
In addition, the amount of hypertrophied muscle fibers (> 100 
µm) increased after DuraSeal application.
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Histological sections stained by PSR revealed a difference in 
the density of regions that were positively stained for collagen 
(Table 2). A common feature of the development of fibrosis in 
all experimental groups was revealed. The density of collagen 
increased from the area of   access into the mions of m. gastroc-
nemius mainly along the perimysium and along the vessels, and 
the density of collagen between isolated muscle fibers increased 
with their significant wasting. In the group with epineural suture 
at all periods of the experiment the collagen density was sig-
nificantly higher than in the control and shame-operated groups. 
In the group with Tisseel on the 14th and 60th days, the rate 
of collagen density was higher than in control, and relatively 
shame-operated - did not differ. In the DuraSeal and Tisseel 
group, the density of collagen regions was lower than in the epi-
neural suture group on the 14th and 30th days. On the 60th day 
in all three groups with sciatic nerve damage, the indicator did 
not differ. That is, prolonged denervation caused muscle wasting 
with the development of fibrosis, and regardless of the repairing 
technique of the damaged nerve, the density of fibrosed regions 
increases, although in the DuraSeal group there was a tendency 
to delay these changes in the dynamics of experiment.

Microsurgical repair of a damaged nerve does not always re-
sult in successful muscle reinnervation, and progressive atrophy 
is accelerated by fibrotic processes. Fibrous changes consist in 
an increase in the amount of fibrous connective tissue, which 
in a healthy muscle is concentrated mainly in the epimysia and 
perimisia. Our study revealed that the density of the extracel-
lular matrix, which is represented by collagen and can be quan-
tified by histological examination, increases in the denervated 
muscle. Today, there are several routine techniques that make 
it possible to distinguish collagen from muscle fibers, such as 

Table 1. Diameter of muscle fibers in rat m. gastrocnemius after nerve repair (µm)

Group
14th day 30th day 60th day

Control 91.2±1.84

Shame-operated 83.7±2.14 86.3±1.37 88.2±1.61

Epineural suture 63.9±1.43*! 62.6±1.47*! 69.4±5.05*!

DuraSeal 62.8±2.20*! 60.6±1.93*! 100.4±2.49^**!@

Tisseel 94.7±3.80! 72.5±1.92*!***@ 75.5±4.37*@***
* P < 0.05 in comparison with the control group; ! P < 0.05 in comparison with the shame-operated group; 

^ P < 0.05 in comparison with the epineural suture; @ in comparison with the 14th day; 
** in comparison with 30th day; *** P < 0.05 in comparison with the DuraSeal

Table 2. Density quantification of collagen in rat m. gastrocnemius after nerve repair (%)

Group
14 day 30 day 60 day

Control 3,70±0,39

Shame-operated 6,55±0,83 4,16±0,77 5,10±1,72

Epineural suture 12,88±0,58*! 12,74±1,01*! 11,19±0,71*

DuraSeal 4,89±0,51^ 4,85±1,16^ 7,64±0,75

Tisseel 8,40±0,99*^ 6,60±1,12^ 9,07±1,72*
* P < 0.05 in comparison with the control group; ! P < 0.05 in comparison with the shame-operated group; 

^ P < 0.05 in comparison with the epineural suture

Masson’s trichrome stain, Van Gieson’s stain and picro-sirius 
red stain, the latter being the most specific for collagen [2] and 
can be measured in software [7].

Post-traumatic fibrosis develops rapidly and by the 14th day 
the amount of collagen has increased significantly and by the 
end of the experiment has not changed, while when restoring the 
nerve using DuraSeal and Tisseel the dynamics of fibrosis was 
delayed, and only on the 60th day the indicator reached values 
of epineural suture. When comparing the three microsurgical 
techniques, DuraSeal can be considered as the most potentially 
effective way to repair a nerve. This is indicated by the results of 
muscle fiber morphometry. On the 60th day, the number of fibers 
of larger diameter increased, among which were hypertrophied 
fibers and fibers with an increased number of myonuclei. In the 
Tisseel group was also recorded an increase in the number of 
myonuclei in muscle fibers on the 14th day and on the other peri-
ods, and this is a morphological sign of regeneration. Therefore, 
it can be argued not only about the positive effect of DuraSeal 
and Tisseel on the regeneration of the damaged nerve, but also 
on the delay in the development of atrophy of denervated skel-
etal muscles during their reinnervation.

Conclusions. Using histological and morphometric methods, 
skeletal muscle changes after sciatic nerve neurotomy and sub-
sequent microsurgical repair various techniques were assessed. 
Wasting of rat m. gastrocnemius occurs relatively quickly and 
is combined with an increase in the content of connective tis-
sue after the connection of the nerve stumps with an epineural 
suture. The use of DuraSeal and Tisseel delayed the develop-
ment of fibrosis during the reinnervation period, and the use of 
DuraSeal increased the content of hypertrophied muscle fibers 
on the 60th day.
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SUMMARY

QUANTITATIVE HISTOLOGICAL ASSESSMENT OF SKELETAL MUSCLE HYPOTROPHY 
AFTER NEUROTOMY AND SCIATIC NERVE REPAIR IN RATS

Goncharuk O., Savosko S., Petriv T., Medvediev V., Tsymbaliuk V.

Bogomolets National Medical University, Kyiv, Ukraine

Reinnervation of skeletal muscles, wich occurs in time, is 
considered a factor in preventing muscle atrophy and potentially 
successful functional recovery. Morphometry of denervated 
muscles makes it possible to assess the dynamics of muscle at-
rophy after various methods of repairing of a damaged periph-
eral nerve. 

The aim - evaluate histological changes and morphometry of 
m. gastrocnemius in rats after complete neurotomy and nerve 
repair techniques. 

In rats the sciatic nerve was crossed and sutured with 4 epineural 
sutures, 2 sutures with DuraSeal, and 2 sutures with Tisseel. On the 
14th, 30th, and 60th day histological changes of m.gastrocnemius 
were examined and morphometry was performed based on two pa-
rameters: muscle fiber diameter and collagen density. 

Skeletal muscles morphometry was performed after sci-

atic nerve neurotomy and subsequent microsurgical repair. 
Muscle fiber wasting was already detected on the 14th day 
after epineural suture with DuraSeal, and in the Tisseel group 
- on the 30th day after sciatic nerve damage. The average 
diameter of muscle fibers in the DuraSeal group increased 
significantly by the day 60 due to the appearance of hyper-
trophied fibers. In areas of wasting, connective tissue density 
increased, which did not change quantitatively during the ex-
periment, while the use of DuraSeal and Tisseel delayed the 
development of fibrosis for up to the 30th day.

Application of DuraSeal and Tisseel with epineural suture 
delays the development of fibrosis and wasting in denervated 
muscles during the reinnervation period. 

Keywords: muscle, sciatic nerve injury, epineural suture, Du-
raSeal, Tisseel. 

РЕЗЮМЕ

КОЛИЧЕСТВЕННАЯ ГИСТОЛОГИЧЕСКАЯ ОЦЕНКА ГИПОТРОФИИ СКЕЛЕТНЫХ МЫШЦ КРЫС 
ПОСЛЕ НЕВРОТОМИИ И ВОССТАНОВЛЕНИЯ СЕДАЛИЩНОГО НЕРВА 

Гончарук А.О., Савосько С.И., Петрив Т.И., Медведев В.В., Цимбалюк В.И. 

Национальный медицинский университет им. А.А. Богомольца, Киев, Украина

Своевременная реиннервация скелетных мышц рассма-
тривается как фактор предупреждения атрофии мышц и 
потенциально успешного функционального восстановле-
ния. Морфометрия денервированных мышц дает возмож-
ность оценить динамику атрофии мышц после различных 

способов восстановления поврежденного периферического 
нерва. 

Цель исследования - оценить гистологические изменения 
и морфометрию m. gastrocnemius у крыс после полной ней-
ротомии и восстановления нервов.  
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Крысам пересекали седалищный нерв и сшивали 4 эпи-
невральными швами, 2 швами с DuraSeal или 2 швами с 
Tisseel. На 14, 30 и 60 сутки исследовали гистологические 
изменения m. gastrocnemius и проводили морфометрию по 
двум параметрам - диаметр мышечных волокон и плотность 
коллагена. 

Проведена морфометрия скелетных мышц после неврото-
мии седалищного нерва и последующего микрохирургиче-
ского восстановления. Уже на 14 сутки после эпиневраль-
ного шва и DuraSeal обнаружена гипотрофия мышечных 
волокон, а в группе с Tisseel - на 30 сутки после повреж-
дения седалищного нерва. На 60 сутки достоверно уве-

личился средний диаметр мышечных волокон в группе 
с DuraSeal благодаря появлению гипертрофированных 
волокон. В участках гипотрофии увеличилась плотность 
соединительной ткани, которая за период эксперимента 
количественно не изменилась, тогда как использование 
DuraSeal и Tisseel задерживало развитие фиброза до 30 
дня включительно. 

Таким образом, результаты проведенного исследования 
позволяют заключить, что применение DuraSeal и Tisseel 
с эпиневральным швом задерживает развитие фиброза и 
гипотрофии денервированных мышц на этапе реиннерва-
ции. 

reziume

virTagvebis ConCxis kunTebis hipotrofiis raodenobrivi da histologiuri Sefaseba 
sajdomi nervis nevrotomiisa da aRdgenis Semdeg

o.gonCaruki, s.savosko, t.petrivi, v.medvedevi, v.cimbaliuki

a. bogomolecis sax. erovnuli samedicino universiteti, kievi, ukraina

ConCxis kunTebis drouli reinervacia ganixile-
ba, rogorc kunTebis atrofiis Tavidan acilebisa 
da warmatebuli funqciuri aRdgenis faqtori.
denervirebuli kunTebis morfometria iZleva 

kunTebis atrofiis dinamikis Sefasebis saSuale-
bas dazianebuli periferiuli nervis sxvadasxva 
meTodebiT aRdgenis Semdeg.
kvlevis mizans warmoadgenda m. gastrocnemius-is 

morfometriisa da histologiuri cvlilebebis 
Sefaseba virTagvebSi sruli neirotomiis da 
nervebis aRdgenis Semdeg.
virTagvebSi xdeboda sajdomi nervis gadaWra 

da Semdeg Sekerva 4  epinevraluri nakeriT, 2 
DuraSeal nakeriT da 2 Tisseel nakeriT.
4, 30 da 60 dRes gamokvleuli iyo m. gastrocnemius-is 

histologiuri cvlilebebi da Semdeg Catarda 
morfometria 2 parametris mixedviT - kunTovani 
boWkoebis diametri da kolagenis simkvrive.
sajdomi nervis nevrotomiis da misi Semdgomi 

mikroqirurgiuli aRdgenis Semdeg Catarda Con-
Cxis kunTebis morfometria. 
sajdomi nervis dazianebis me-14  dRes epinevru-

li da DuraSeal-is nakerebis Semdeg aRmoCnda 
kunTovani boWkoebis hipotrofia, xolo Tisseel-is 
jgufSi ki - 30-e dRes. me-60 dReze sarwmunod 
imata kunTovani boWkoebis saSualo doametrma 
DuraSeal-is jgufSi. 
hipotrfiis midamoebSi moimata SemaerTebeli 

qsovilis simkvrivem, romelic eqsperimentis 
periodSi raodenobrivvad ar Secvlila, maSin 
rodesac DuraSeal-is da Tisseel-is gamoyeneba 
aferxebda fibrozis ganviTarebas 30 dRis 
bolomde.
Catarebuli kvlevis Sedegebze dayrdnobiT 

avtorebs  gamotanili aqvT daskvna, rom DuraSeal-is 
da Tisseel-is gamoyeneba epinevraluri nakerebiT 
aferxebs fibrozis da hipotrofiis ganviTarebas 
denervirebul kunTebSi reinervaciis etapze. 


